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What's SciBooNE?

* Neutrino experiment at Fermilab (E954)

« Precision measurement of v and v-nucleus
cross section around 1GeV.

— Important for accelerator based neutrino oscillation
experiments.

SciBooNE
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Introduction



Next step...
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Precision measurement of
oscillation parameters

» Discover the last oscillation channel
- e13
« CP violation in the lepton sector
P P
* Mass hierarchy
— The sign of Am,;?
- Test of the standard v oscillation scenario (Uy,s)
— Precise measurements of v oscillations (xAm,,?, 0,,)



Strategy of accelerator v oscillation

experiments —
Intense beam Gigantic detector

T, 7T, 7T, M, K
@ | oscillation

v cross sections are important for

extracting oscillation parameters
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Impact of v cross section

v,~Vvx measurement
error (90%CL)
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v oscillation measurement requires
precise knowledge on background.

(v+n—u+p; Energy Reconstruction from w kin.)
__—Background: non-QE; Mainly CC-1mt+

T2K requwes
<10% level
knowledge on
nonQE/QE
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— stat. only

— O0(NQE/QE)= 5%

— 3(NnQE/QE)=20%



Impact of v cross section
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(v+n—u+p; Energy Reconstruction from w kin.)
__—Background: non-QE; Mainly CC-1mt+

v oscillation measurement requires
precise knowledge on background.
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Other v/v interactions

(vtN— v+70+N’)
[(— Background for v, J

appearance search

— No measurement below 1GeV

€ Important for v oscillation
study (CPV) in T2K-lI

NC Resonant Single Pion Production
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SciBooNE Experiment



SciBooNE Experiment
(K2K-SciBar detector at FNAL Booster Neutrino B Iie)

Booster v beamline SciBar = l’ o

100 m ' 440 m
Precision measurement of v & v-bar cross

sections at ~1GeV € Important for T2K and other %
oscillation experiments > T2K
SciBar: 3|
— Originally K2K-near detector Té g VS‘C'BOONE
— Shipped to FNAL § ’ ‘»,»KZK
BNB: Intense & low energy v beam X | S e
— Ev good match to T2K - 1 2

v and v beam

MiniBooNE near detector
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Booster Neutrino Beam

« 8 GeV protons from Booster

* Protons hit beryllium targ

et

(71 cm long, 1 cm diameter)

within a magnetic focusing
horn and produce mesons
* The mesons decay into

neutrinos in 50m

* Neutrinos are observed in

SciBooNE (100m)

- v beam by changing horn

polarity

)

/emZ/25MeV/POT
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SciBooNE location)

— all

Booster

Magnetic
focusing horm

Decay

region Absorber

SciBooNE
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SciBooNE Detectors



SciBooNE detectors

SciBar: Fully active target & tracker
Total mass: 15t, Fiducial: ~10t
14,336 channels; extruded scintillator
Particle ID with dE/dx

cm EC: EM Calorimeter
i Lead+scintillation fibers: 11Xo
ool = ;1 - 0 Gamma / electron ID
- I
— ol '*!Illil = MRD: Muon Range Detector
N Steel (5cm thick x12) +scintillator
s B Schematic| | identification
i | ccar
ol m L | v Measure up to 1.2 GeV/c
-1 so [ MIIMIMINNGG-" | interaction

~50 0 50 100 150 200 250 300
cm 15



v events at SciBooNE
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v and v CCQE event candidates
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NC-17° event candidate

V+p—>\/+p+ﬂ;0
Side view Top view
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SciBooNE Timeline

2005, Dec - Proposal y i /a®
2006, Jul - Detectors move to FNAL ﬁ\g N R N S
2006, Sep - Groundbreaking PR AR .

2006, Nov - EC Assembly
2007, Feb - SciBar Assembly

2007, Mar - MRD Assembly Three years from
2007, Mar - Cosmic Ray Data formation to
2007, Apr - Detector Installation data taking complete'

2007, May - Commissioning

2007, Jun - Start data taking (antineutrino Data Run)
2007, Oct - Neutrino Data Run

2008, Apr - Antineutrino Data Run
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Protons on target (x1E20)

Event rate (/4E16 POT)

(]
o O

N
o

Data taking & Data set

Number of Protons on target (POT)

= Delivered
For analysis

.
*
.
.
-

Jun Jul Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

-
o
T T T T T

CC event rate in SciBar

I JUTIOR ¥ SN
B + + + + +
Y,

Y

-+

v
\

Jun Jul

| [+ ] | | |
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
'07 '08

Date

- Jun. 2007 — Aug. 2008
- 95% data efficiency

/

-

- 2.52x1020 POT in total
- neutrino

- 0.99x1020 POT
- antineutrino: 1.53x1020 POT

~

/

Preliminary results from
full neutrino data set
are presented
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Physics Analysis
Preliminary results

21



Physics Topics

Several analyses are in progress

harged Current
— CC inclusive (v, flux measurement)
— CC-QE
— CC-1m+
— CC-n0
— CC-ve (ve flux measurement)
eutral Current
— NC-n0
— NC-elastic
* v, disappearance

22



harged Current
Charged Pion production

CC-1nt

23



CC-1x* production

Charged current single charged pion (CC-111*) production

CC-resonant  production
Predominant process
« V+p — utpt+a’
- vtn — utn+a’*

CC-coherent &t production

v interacts with nuclei coherently —;
v+C — u+C+xt TR

[ J

24



CC-1n* event selection

Define MC

. (SciBar-MRD match track)
normalization

[ CC event selection j

}

[ Muon contained in MRD

Number of tracks A
from a common vertex

[1track] [2track] [>2track]

Particle ID using dE/dx

L wem | [ uep

(==

CCQE rejection using
non-muon track direction (A6,)
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Signature of

n/\p

CC-1x (resonance)
V 1)

] .
\/
W+

p ff*<p

event
at SciBooNE
 Muon = SciBar-MRD matched track
SciBar =¢_ MRD
Tracks u track
(wp.7*) /

26



CC sample

SciBar-MRD matched event: ~30k events

Muon kinematics of MRD stopped sample

Reconstructed Pu

Reconstructed 6

I]llllllllllIIIIIIIIIIIIIIIIIIIII

02

Reconstruct

2000

1800
1600
1400
1200
1000

04 06 08 1

ntries 21667 1400F ntries 21667 am
C]ov::r 1200 o C]O:cr Y.Nakajlma
vNC 1000F vNC
v CC other 800 = v CC other
v CC coherent x E v CC coherent ~
- Edvcee roscnan::o:: 600;_ Elv zCCJ rc;nanlco:z G(PIJ) 50 MeV/C
B3 ccae 400 B3 ccae ~
o ., o(0u)~0.9 deg.
12 1496 e 2 O 1020 30 40 50 60 58 90 MA= 1 ] 1 G eV / CZ
Pu (GeV/c) Ou (degree)

ed Ev assuming CC-QE CC purity: 93%

”IHIII]]IIIIIII]IH]IH]IIIIIIII]IH]

> O

Entries 21667 |
D Other
v

'NC

v CC other
v CC coherent n
v CC resonance x

v CCQE

3 %% 3

Evrec (GeV)

The sample is used to get
neutrino spectrum
for v, disappearance search

MC is normalized to
SciBar-MRD matched sample
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CC-1a" event selection
two MIP like tracks & CC-QE rejection

Particle ID based on dE/dx

Proton

[dE/dx (muon track sample) | M u O n [dE/dx (proton track sample)]
2500
[ ] Entries 13948 50l
v CC QE
v CC resonantt

dE/dx (MeV/cm)

Entries 754

5 ,
dE/dx (MeV/cm) dE/dx (MeV/cm)

CCQE rejection based on ABp

ABp: Opening angle between observed 2nd track : i
and expected proton track assuming CCQE.  «wE |

p (Pp,6p)

N Observed 2" track
hY ABp

‘DOCaoes

Entries 5939

selected =,

—a T

BG from EC/MRD / A== (;.2 " 04 06 08
Muon confidence level
distribution of 2" track

[

Entries 2255

Se|eCted D v CC coherentnt
E v CC resonant

150—

==

CCQE contamination 20%-—13% ©° = # & s i 2 o

ABp (degree) 28



TOP VIEW

CC-1xn* selected events

TOP VIEW
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CC-1a" sample
Q2 distribution

800 J\j Entries 1879
o\
(\;‘/
oY s\
—~ \ S o
2 “/ g):// B
= 6008 ¢ v CC coherent
> B3
g E v CC resonantn
T} 3
S b =g
© 400 . v NC
§2) 22
§ E v CC other
| e v ccQE

v,.'-'.

% 010203 0405 08

Reconstructed Q2 (GeV/c)2
assuming CC-QE

~80% pure y+1 sample
CC-11* fraction in the sample
vp — UPTT 34%
vn — PUNTT 11%
CC-coherentm  15%

Observed DATA deficit
in low Q? region

Separate CC-coherent 11
from CC-resonant 1
using its characteristic
Kinematics
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CC coherent nt selection

Direction of the pion track wp oy ——
: , - gi’z\wi\\ selected
Events with a forward-going toof

Pion track are selected

50

Vertex activity 3
o (coherent n) Pion track angle (degree)
: i 1
Small activity s:alec‘red
(resonance n) ’ S Enres 1364
| PR V| R L CC-coherent =t N
il * - e
000000 1 '\\
---- ' 100 9\\\'\.-
2 T e vhunx 9
Large activity (recoil proton) - e

Low energy proton is identified as a - N
large energy deposit around the vertex o=

Energy deposit (MeV) 31



CC coherent T sample
Q2 distribution

150 — g’\J Enties 425| CC-coherent «t

N o all® . 0
~ A | g | Efficiency 13%
© ’/\xggs @ v CC coherentnt Purity 40%
= ‘A B cc t
O Vv resonant
¢ 10 B ani- * Systematic error on
0 background estimation
S_ v NC is not included yet
% 50 E v CC other
< | EER . ccoE Observed CC-coherent 1
0 hd sample in SciBooNE

il X 5 ¥ . B contains fewer events
Reconstructed Q2 (GeV/c)? than our MC simulation,

which is based on the
Rein&Sehgal model (2007)

32



SciBooNE sensitivity to
o(CC-coherent 1m)/o(CC) ratio

SciBooNE sensitivity

o(CC-coherent 11)/a(CC)~0.3x10-2 (*)
(sensitive down to ~10% level of the MC prediction)

*|

" Full systematic studies and paper drafting

| 5(CC-coherent 19 %5 . . .
- 2_Wgﬁ for publication in progress. -
v%«:/}:\\\\ Submission to PRD will be next month. o rato
3yt B
! / NEUT prediction
. A d
e | BND coectram) MiniBooNE NC-coherent 1
o T (<Ev>~0.8GeV)
- K2K 90%CL(**) Phys.Lett.B664,41(2008)
05 v PRL95,252301(2005) (NC-coherent 1)/(NC exclusive 10)
: =(19.5+/-1.1+/-2.5) %
Y S — SciBooNE sensitivity(**) 65% of the Rein&Sehgal model
o/ N
0 (stat. only) £ (Gov
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Neutral Current
Neutral pion production

NC-m©
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Signature of event
at SciBooNE

 No muon = No SciBar track go through MRD
* All tracks contained in SciBar

SciBar EC MRD

Tracks
NC-m0: v+N—v+N+ (p, m°)
VZ\/ v
7 \
e 0 — vy



NC-rt® event selection

CC-event CC-nt0 event —
x\/ x\*
% %
w \/ \\/
~
P, T
vy, s TSer>

 NC-n? event selection
— Search vy tracks

— Event topology




Particle ID with dE/dx

|dE/dx (muon track sample) | M N
2500 — u O S
C [ Entries 13948
2000 B v ccae
B @ v CC resonantn
1500 :_ [:, v CC coherentnt
L E v CC other
C [ Jvne
1000 |~ =
500

1600 - ;
1400 ) *
1200 .
%
1000 ®

—
7~

‘(MeVicm) 2 O " 4E/ds
@® Data
Muon
B EM shower
Proton

1 2 3 4 5§ 6 7 8 9 10

edep/cm

dE/dx (MeV/cm)

|dE/dx (proton track sample)] P rotons
50 :_ | Entries 754 :._
* E\‘ C
& el B
e 5 v
B I

30

20

B Charged pion

3 v CC QE
v CC resonanin
cC

v CC coherentin

o
Ll

v CC other

v ne
E=3 antiv

oo | | BG from EC/MRD
v ,'.':f—..
(MeV/cm)

EM shower (y—e*e’) make similar

dE/dx to muons. Need additional
selection to reject muon (CC event)
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Particle ID with timing info:
Muon identification

* Find out muon track = CC event rejection

« Tag decaying muon (u—vs+e) with SciBar
TDC info: hits from muon and electron

» Clear signature of decaying muon.

550_— Muon Lifetime (Data)

Entries

100 -1

<=

504 N

|

llllllllllllllllllllll Ill I
0 2000 4000 6000 8000 10000 12000 14000

Keep 95 % of no decay-e events Tme(ns) 38




Event topology

Isolated tracks

Cosmic

Internal
B cxicrnal

Accept

.
Reject

CC events y

Threshold: 6cm

Signal efficiency (NC-n°): 92%
Rejected 31% of CC events

Reject
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n® reconstruction

Reconstructed invariant
mass distribution

+ data

- Final selected sample
~850 events
« NC-x° purity: ~54%

80f \ CC w/o n0

 Clear n® mass peak only
from =°® produced events

" 100 150 200 250 300 350 400 450 500 =» _10OSS section measurement
M., (MeVi/c?)
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Summary

SciBooNE measures neutrino and antineutrino cross
sections near 1 GeV

e Essential for future neutrino oscillation experiment

CC-111" measurement in SciBooNE

e Observed fewer events in CC-coherent 1 sample than
prediction

e Full systematic studies and paper drafting for publication
are in progress.

e Submission to PRD will be next month.
Many analyses are in progress

— CCQE, CCm% NCm%, NCelastic, v, disappearance,
vV, measurement etc.

— Antineutrino measurements
Results will come soon
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Backup
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Other distribution
In coherent sample

[CC event (MRD match) |

u stopped in MRD |

1 trk 2trk

T~

CC-1m+ CC-11r+
(non-QE) (QE contaminant)

CC-11m+ w/o CC-11m+ w/
vix activity vix activity
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CC-111, non-QE sample

| cC event (MRD match) |

¥

[ 1 stopped in MRD |

2trk >2trk

A

cc-m+ | cc-tme
(non-QE) L (QE contaminant)
S

1T track length T track angle

CC-11m+ w/o CC-11m+ w/
vix activity vix activity
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Comparison in samples

2trk, p+11, non-QE w/ activity | cC event (MRD match) |

[E._(2track -+ nonQE, wi activity] [ ©F (2track 114z nonQE, wiactivity) | *
B Entias 528§ |E|1 2%

[ 1 stopped in MRD |

2trk U+TT, non- QE w/o act|V|ty [ CC-1mr+ [ CC-11r+ J
[ e (non-QE) (QE contaminant)

/

[CC-11T+ w/o [ CC-11r+ WIJ

vix activity vix activity
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NC-=° signal & background

( NC-7° candidate . Experimental signature
[T T nmommmmnnl 2y froma®
| SciBar TMRD o - 2 tracks in Fiducial Volume

- Disconnected
 Both tracks are not u, p

Backgrounds M

Internal BG , /
........ >,

ex. CC-QE

4
External BG

| il ;/
\ WIIO0L |=xor ¥y (S
/ % Y

\\\\




CC-inclusive sample

( Neutrino energy spectrum measurement
using CC-inclusive sample

/SciBar'-MRl_) matched event (~30k evem‘s)\

C EC
SciBar MRD SciBar MRD
\ /’—’ﬁon
N |
N MRD stopped event (~22k events)
muon . :
K (muon contained in MRD) /

93% pure CC-inclusive sample a7



